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Abstract
Recent evidence shows that climate change is leading to irreversible and existential impacts on vulnerable communities 
and countries across the globe. Among other effects, this has given rise to public debate and engagement around notions 
of climate crisis and emergency. The Loss and Damage (L&D) policy debate has emphasized these aspects over the last 
three decades. Yet, despite institutionalization through an article on L&D by the United Nations Framework Convention on 
Climate Change (UNFCCC) in the Paris Agreement, the debate has remained vague, particularly with reference to its remit 
and relationship to adaptation policy and practice. Research has recently made important strides forward in terms of develop-
ing a science perspective on L&D. This article reviews insights derived from recent publications by the Intergovernmental 
Panel on Climate Change (IPCC) and others, and presents the implications for science and policy. Emerging evidence on 
hard and soft adaptation limits in certain systems, sectors and regions holds the potential to further build momentum for 
climate policy to live up to the Paris ambition of stringent emission reductions and to increase efforts to support the most 
vulnerable. L&D policy may want to consider actions to extend soft adaptation limits and spur transformational, that is, non-
standard risk management and adaptation, so that limits are not breached. Financial, technical, and legal support would be 
appropriate for instances where hard limits are transgressed. Research is well positioned to further develop robust evidence 
on critical and relevant risks at scale in the most vulnerable countries and communities, as well as options to reduce barriers 
and limits to adaptation.
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Introduction: Paris agreement 
and climate‑related risks
The recent Intergovernmental Panel on Climate Change 
(IPCC) special report on 1.5 °C global warming (SR1.5) (IPCC 
SR1.5-IPCC 2018) suggests that achieving the 1.5 °C goal as 
stipulated by the Paris Agreement (UNFCCC 2015) will sig-
nificantly reduce projected risks and further rises in observed 
climate change-related impacts compared to current warming 
of 1.1 °C above pre-industrial global temperature. These risks 
and anticipated impacts include increases in the frequency and/
or intensity of heavy precipitation, high temperature, heatwaves, 
and sea-level rise, and are expected to lead to continuous and 
widespread impacts on human, natural, and managed systems. 
The SR1.5 demonstrates that each (half) degree of warming 
increases the magnitude of risks from anthropogenic climate 
change across sectors and regions, and that disadvantaged and 
vulnerable populations are at disproportionally higher risk from 
both present and future warming. In principle, the IPCC finds 
the achievement of the 1.5 °C target possible, even with current 
mitigation technologies; however, massive upscaling and quick 
operationalisation are required.
Yet, given omnipresent debates around the climate crisis 
and emergency, what evidence exists with respect to impacts 
and risks that may be irreversible, existential, and that already 
breach adaptation limits – today and in a future world that is 
warmer by 1.5 °C and more? The SR1.5 (IPCC 2018), addi-
tional recent IPCC reports- the Special Reports on Climate 
Change and Land (SRCCL) and on the Ocean and Cryo-
sphere in a changing climate (SROCC) (IPCC 2019a, b), 
and other research, including two recently published multi-
authored books (Filho and Nalau 2018; Mechler et al. 2018), 
for the first time summarize such evidence with important 
implications for research, implementation, and policy, includ-
ing for the international climate policy debate under the United 
Nations Framework Convention on Climate Change (UNF-
CCC) and the Warsaw Mechanism on Loss and Damage asso-
ciated with Climate Change Impacts (WIM). With the WIM’s 
2019 review of its achievements carried out and expert groups 
created to facilitate the move from debate to action, it is timely 
to review relevant insights from these and other scientific pub-
lications and their implications for science and policy.
Loss and Damage—a first time for the IPCC
Over the last three decades, Loss and Damage (L&D)1 has 
become increasingly relevant for international climate policy 
and advocacy. The discourse began during the establishment 
of the UNFCCC in the early 1990s with a proposal by the 
Alliance of Small Island States (AOSIS) on compensation 
and insurance for losses linked to sea-level rise (INC 1991). 
The subject matter is complex and controversial—some con-
sider it to be about liability and compensation, while oth-
ers suggest climate risk insurance should be largely ramped 
up. Hence, it took more than two decades and increasingly 
robust evidence on climate change impacts and risks, as 
synthesised by the IPCC (e.g. through the 5th Assessment 
Report, IPCC 2014) for L&D to be recognised institutionally 
by the UNFCCC. In 2013, negotiators at the 19th Confer-
ence of the Parties (COP19) to the UNFCCC established 
the WIM (UNFCCC 2013), while at COP21 in 2015, the 
Paris Agreement generated Article 8, which provided the 
L&D Mechanism with a permanent legal basis (UNFCCC 
2015). Although L&D began as a political concept, multi-
faceted scientific research now contributes to an increased 
understanding of its complexity.
A three-page cross-chapter box in the IPCC SR1.5 on 
‘Residual Risks, Limits to Adaptation and Loss and Dam-
age’ (Roy et al. 2018) marks the first time that the IPCC 
reviews the scientific literature on L&D. Originally not con-
sidered in the outline, inclusion into the report was advo-
cated for half-way through the process by some IPCC mem-
ber countries spurred by advances in the physical and social 
sciences, as well as growing scientific evidence regarding 
increasing climate-related impacts. This heightened attention 
builds on a socially engaged science of losses and damages 
that assesses what people in various geographic and cultural 
contexts value and to what extent climate change puts these 
life aspects at risk (Barnett et al. 2016). Among others, the 
two multi-authored review volumes mentioned above and a 
number of other papers (e.g., McNamara and Jackson 2018) 
published almost concurrently with the SR1.5, highlight the 
state-of-the-art in research and practice on L&D across mul-
tiple disciplines, provide insight into policy contexts and 
salient policy options, and present evidence on limits to 
adaptation and adaptive capacities across the globe.
Views on L&D vary widely with some 
convergence
The SR1.5 synthesizes L&D aspects that so far, have 
been controversial as well as some that are now relatively 
widely accepted. There is consensus that L&D refers 
to adverse climate-related impacts and risks from both 
sudden-onset events, such as floods and cyclones, and 
slower-onset processes, including droughts, sea-level rise, 
glacial retreat, and desertification. Impacts and risks have 
been discussed predominantly with a view towards vul-
nerable developing countries, and have been considered to 
include both economic (e.g., loss of assets and crops) and 
1 A distinction made here and elsewhere is to distinguish between 
capitalised letter Loss and Damage to refer to political debate vs. 
lowercase letter losses and damages to broadly relate to (observed) 
impacts and (projected) risks (see Mechler et al. 2018).
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non-economic types (e.g., loss of biodiversity, heritage, 
and health). At the same time, in the L&D debate under 
the WIM, it remains controversial to what degree losses 
and damages would need to be rigorously attributable to 
anthropogenic climate change, or whether all climate-
related risks are to be reckoned with to be considered 
relevant under the WIM. The policy-remit of L&D, and 
its distinct nature from adaptation policy and practice, 
has remained particularly contested, mainly along two 
lines of inquiry: What to consider? Only today’s impacts, 
future risks, or both; and what the scope and potential for 
avoiding impacts and risks may be (James et al. 2018).
Some analysts and stakeholders have suggested that the 
WIM should deal with liability for unavoided impacts that 
are already manifest today, suggesting that North–South 
financial compensation is to follow (Verheyen and Roder-
ick 2008; Roberts and Huq 2015). Others have argued that 
the debate should focus primarily on drawing attention 
to future unavoidable losses and existential risks (Hoff-
maister et al. 2014; Roberts and Pelling 2018). Still oth-
ers claim that donor-supported insurance for significant 
residual impacts will help to avoid and manage future 
risks in vulnerable communities and countries (Boyd 
et al. 2017; Mechler 2017; Linnerooth-Bayer et al.  2019). 
Given these competing perspectives and, as some would 
argue (Lees 2017; Calliari et al. 2019), deliberate policy 
ambiguity, it is not entirely surprising that the UNFCCC 
has not yet put forward an official definition of L&D. 
Thus, the policy space for L&D with all its policy and 
financial implications remains somewhat vacant. The 
SR1.5 synthesis presents the first, albeit partial, assess-
ment of the evidence that relates L&D to residual (after 
adaptation) climate-related risks and limits to adaptation. 
This provides the basis for understanding, on the one 
hand, unavoided and unavoidable climate-related losses 
and damages and, on the other hand, the scope for avoid-
ing and reducing future risks.
Emerging evidence on residual risks and soft 
and hard adaptation limits
IPCC’s 5th Assessment Report (AR5) recognizes impor-
tant biophysical, institutional, financial, social, and cul-
tural barriers to adaptation, which, particularly when 
compounded, can lead to soft and hard adaptation limits. 
The IPCC definition considers hard limits to occur when 
adaptive actions become infeasible to avoid risks, and 
hence impacts and risks become unavoidable. Soft limits 
arise when technological and socioeconomic options are 
not immediately available to avoid risks through adaptive 
action, meaning that impacts and risks remain unavoided 
for the moment (Dow et al. 2013; Klein et al. 2014).
The SR1.5 builds on these definitions of (future) adap-
tation limits to, for the first time, assess evidence on soft 
and hard adaptation limits as identified in the report for 
systems, sectors and regions, as well as impacts and risks 
under 1.5 °C and 2 °C of global warming (Roy et al. 2018). 
For hard limits, the report provides robust evidence with 
respect to natural systems, including the projected irre-
versible loss of up to 90% of tropical coral reefs by mid-
century under 1.5 °C warming (and nearly total loss under 
the 2 °C scenario); many irreversible losses of biodiver-
sity; and sea-level rise combined with increased aridity 
and decreased freshwater availability rendering several 
small atoll islands uninhabitable (IPCC 2018). Examples 
of soft limits identified in the SR 1.5 include populations 
driven into poverty traps due to climate-induced shocks, 
heatwaves affecting megacity dwellers, and coastal live-
lihoods rendered unsustainable in low-lying islands and 
along coastlines. Depending on the context, some soft 
limits may become hard limits if exposed populations 
have no means and space to move, which is particularly 
the case when intangible types of harm are considered. 
Table 1 below synthesizes evidence reported across the 
SR1.5 and presents types of limits (natural, technologi-
cal, and socioeconomic) with further information on key 
risks, regions, impacts at (current) 1.1 °C, 1.5 °C, and 
2 °C warming levels, as well as the scope for anticipated 
adaptation actions.
Finally, the SR1.5 documents proposed approaches 
and policy options to address residual risk and L&D. It 
assesses a growing body of legal literature and litigation, 
concluding that “litigation risks for governments and busi-
nesses are bound to increase with an improved understand-
ing of impacts and risks as climate science evolves (high 
confidence)” (Roy et al. 2018 p. 456). The report also lists 
a selection of policy options that are being considered or 
implemented, including international support for experi-
enced losses and damages; support for addressing climate-
induced displacement; and donor-supported implementa-
tion of regional public insurance systems. The Summary 
for Policymakers, which is the synthesis and most policy-
relevant part of any IPCC report, does not mention L&D 
explicitly; it does, however, identify “limits to adaptation 
and adaptive capacity for some human and natural sys-
tems at global warming of 1.5 °C with associated losses 
(medium confidence)” (IPCC 2018 p. 12). In addition, 
the assessment finds risks of irreversible loss of marine 
and coastal ecosystems to become more pronounced with 
increasing warming with an uncertainty statement of high 
confidence.
IPCC’s SRCCL and SROCC assessments published in 
2019 also report on Loss and Damage, adaptation limits, and 
transformation (IPCC 2019a, b). For instance, the SROCC 
suggests that climate change-driven ocean and cryosphere 
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changes will render some island nations uninhabitable, 
although assessments of habitability remain challenging 
due to a lack of relevant literature. In addition, marine heat-
waves, which for the majority are caused by anthropogenic 
climate change, are now considered a major new threat to 
marine ecosystems and associated livelihoods. Importantly, 
the ‘limits’ framing has been well anchored into IPCC’s risk 
perspective. The SROCC updates the risk framework, with 
risk understood as a function of hazard, vulnerability, and 
exposure, and now explicitly consider limits to adaptation 
(see Fig. 1).
Implications for science and policy
Climate research has responded to demands for evidence-
based insights relevant to the L&D debate. The IPCC and 
other recent publications present a broadening body of sci-
entific literature on concepts, perspectives, methods, and 
evidence relevant to L&D. IPCC’s 6th Assessment Report 
scheduled  to be released in 2021/22 can be expected to 
include further insight, also as limits and barriers to adap-
tation (not however L&D) are mentioned several times in 
the plenary-approved outline for Working Group II- and 
thus need to be assessed by the IPCC to fulfill its mandate. 
Advances in research thus inform the complex and contested 
policy debate and provide an opportunity to further stimulate 
mutual understanding of the remit of L&D among negotia-
tion parties.Clearly, this is a major challenge as the policy 
discourse remains characterized by substantial controversy 
as witnessed again at COP25 in Madrid in late 2019. Some 
progress has, however, been made. In Madrid, the WIM 
was for the first time comprehensively reviewed, includ-
ing with regard to its effectiveness, and steps to take the 
WIM forward were decided (at COP22, a first review had 
remained incipient as it coincided with the ratification of 
the Paris Agreement, which thus overshadowed the review 
deliberations). The COP25 final decision emphasizes the 
need for international institutions to further support meas-
ures for averting and minimizing (i.e., avoiding), as well 
as addressing (i.e., dealing with unavoided and unavoid-
able) climate change-related impacts and risks. Consensus 
text suggested that scaled-up finance for L&D was indeed 
urgently needed. Yet, it remained unclear who is to provide 
funding and whether this would be additional to current 
pledges for adaptation (and mitigation). While COP25 did 
not deliver on concrete guidance and agreements, such as 
on a stand-alone financial mechanism for addressing and 
dealing with losses and damages as demanded by many 
developing country parties, the negotiations established an 
expert ‘action’ group. This group, inter alia, is to further 
help coordinate among parties inside the UNFCCC, such 
as with the standing committee on finance (SCF), as well as 
outside the convention with the Green Climate Fund (Cli-
mate Analytics 2019).
Climate negotiations are now turning towards COP26, 
the first COP with the Paris Agreement in effect, where par-
ties are expected to present their ramped-up climate ambi-
tions through updated Nationally Determined Contributions 
(NDCs). Emerging evidence on critical risks ‘beyond adap-
tation’ as well as on hard and soft limits in hotspot systems, 
sectors and regions, may hold potential to further build 
momentum in line with the Paris ambition and UNFCCC’s 
overall objective of avoiding “dangerous interference with 
the climate system” (UNFCCC 1992). This is particularly 
important in the context of UNFCCC’s global stocktake 
and national adaptation plans that countries have agreed to 
prepare and submit. Together, these documents may well 
provide up-to-date information on how and where particu-
lar adaptation limits are being approached and losses and 
Figure. 1  IPCC risk framework 
as updated for the SROCC 
including a representation 
of adaptation limits. Source: 
Abram et al. (2019)
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damages occur. Building on such information, adaptation 
and L&D policy may want to consider supporting actions 
on removing soft limits and spurring transformational, that 
is, non-standard risk management or adaptation, so that lim-
its are not breached. Financial, technical, and legal support 
would be appropriate for instances where hard limits are 
transgressed.
While more work is essential, research has increasingly 
become capable of providing evidence-based insight through 
detection and attribution analysis, risk assessment, and the 
identification of diverse response portfolios for avoiding 
and managing losses and damages. A domain of research 
that is critically relevant for L&D is the systematic assess-
ment of lived experiences of losses and damages across the 
globe (see e.g., Tschakert et al. 2019) as a rigorous basis for 
a global synthesis on non-economic and intangible harm. 
In addition to informing L&D policy, improved scientific 
understanding of the broad range of losses and damages 
would be of use in economic, insurance, and legal actions to 
ensure greater and urgent accountability for climate change 
and its consequences. There is also increasing engagement 
of researchers in WIM expert groups to support consensus 
and compromise-seeking among negotiators, representatives 
of international organizations. As the science perspective on 
L&D is maturing, it is overdue for climate policy to follow 
suite and clarify the remit of the debate, as well as adopt 
policies that truly reflect the challenges imposed by climate 
change.
Acknowledgements Open access funding provided by International 
Institute for Applied Systems Analysis (IIASA). Thomas Schinko and 
Reinhard Mechler were supported by funding from the Austrian Cli-
mate and Energy Fund (Austrian Climate Research Program (ACRP), 
project TransLoss, project number B960205. Reinhard Mechler grate-
fully acknowledges funding by the Zurich Flood Resilience Alliance.
Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.
References
Abram N, Gattuso JP, Prakash A, Cheng L, Chidichimo MP, Crate 
S, Enomoto H,  Garschagen M, Gruber N, Harper S, Holland 
E,  Kudela RM, Rice J, Steffen K, von Schuckmann K (2019) 
Framing and context of the report. In: Pörtner HO, Roberts 
DC,  Masson-Delmotte V, Zhai P, Tignor M, Poloczanska E, Mint-
enbeck K, Alegría A,  Nicolai M, Okem A, Petzold J, Rama B, 
Weyer NM (eds) IPCC special report on the ocean and cryosphere 
in a changing climate (in press)
Barnett J, Tschakert P, Head L, Adger WN (2016) A science of loss. 
Nat Clim Change 6(11):976
Boyd E, James RA, Jones RG, Young HR, Otto FEL (2017) A 
typology of loss and damage perspectives. Nat Clim Change 
7:723–729
Calliari E, Surminski S, Mysiak J (2019) The Politics of (and behind) 
the UNFCCC’s Loss and Damage mechanism. In: Mechler R, 
Bouwer L, Schinko T, Surminski S, Linnerooth-Bayer J (eds) Loss 
and Damage from climate change concepts, methods and policy 
options. Springer, Cham, pp 155–178
Climate Analytics (2019) Loss and Damage at COP25—a hard fought 
step in the right direction. Climate Analytics. https ://clima teana 
lytic s.org/blog/2019/loss-and-damag e-at-cop25 -a-hard-fough 
t-step-in-the-right -direc tion/. Accessed 25 Jan 2020
de Coninck H, Revi A, Babiker M, Bertoldi P, Buckeridge M, Cart-
wright A, Dong W, Ford J, Fuss S, Hourcade JC, Ley D, Mechler 
R, Newman P, Revokatova A, Schultz S, Steg L, Sugiyama T 
(2018) Strengthening and implementing the global response. In: 
Masson-Delmotte V (ed) Global warming of 1.5°C. An IPCC 
Special Report on the impacts of global warming of 1.5°C above 
pre-industrial levels and related global greenhouse gas emission 
pathways, in the context of strengthening the global response to 
the threat of climate change, sustainable development, and efforts 
to eradicate poverty. IPCC, Geneva
Dow K, Berkhout F, Preston BL (2013) Limits to adaptation. Nat Clim 
Change 3:305–307
Filho LW, Nalau J (eds) (2018) Limits to climate change adaptation. 
Springer, Dordrecht
Hoegh-Guldberg O, Jacob D, Taylor M, Bindi M, Brown S, Camilloni 
I, Diedhiou A, Djalante R, Ebi K, Engelbrecht F, Guiot J, Hijioka 
Y, Mehrotra S, Payne A, Seneviratne SI, Thomas A, Warren R, 
Zhou G (2018) Impacts of 1.5°C Global Warming on Natural and 
Human Systems. In: Masson- Delmotte V (ed) Global warming of 
1.5°C. An IPCC Special Report on the impacts of global warming 
of 1.5°C above pre-industrial levels and related global greenhouse 
gas emission pathways, in the context of strengthening the global 
response to the threat of climate change, sustainable development, 
and efforts to eradicate poverty. IPCC, Geneva
Hoffmaister JP, Talakai M, Damptey P, Barbosa AS (2014) Warsaw 
international mechanism for loss and damage: moving from polar-
izing discussions towards addressing the emerging challenges 
faced by developing countries. https ://loss-and-damag e.net/4950. 
Accessed 25 Jan 2020
INC (1991) Vanuatu: Draft annex relating to Article 23 (Insurance) 
for inclusion in the revised single text on elements relating to 
mechanisms (A/AC.237/WG.II/Misc.13)
IPCC (2014) Climate Change 2014: impacts, adaptation, and vulner-
ability. In: Field CB, Barros VR, Dokken DJ, Mach KJ, Mastran-
drea MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova 
RC, Girma B, Kissel ES, Levy AN, MacCracken S, Mastrandrea 
PR, White LL (eds) Part A: global and sectoral aspects. Contribu-
tion of Working Group II to the Fifth Assessment Report of the 
intergovernmental panel on climate change. Cambridge University 
Press, Cambridge
IPCC (2018) Summary for policymakers. Global warming of 1.5°C. 
IPCC, Geneva
IPCC (2019a) Summary for policymakers. In: Masson-Delmotte V 
et al (eds) Climate change and land. An IPCC special report on 
climate change, desertification, land degradation, sustainable land 
management, food security, and greenhouse gas fluxes in terres-
trial ecosystems. World Meteorological Organization, Geneva, 
Switzerland
Sustainability Science 
1 3
IPCC (2019b) Summary for policymakers: ocean and cryosphere in a 
changing climate. In: Pörtner H-O, Roberts DC, Masson-Delmotte 
V, Zhai P, Tignor M, Poloczanska E, Mintenbeck K, Nicolai M, 
Okem A, Petzold J, Rama B, Weyer N (eds) IPCC special report 
on the ocean and cryosphere in a changing climate (in press)
James RA, Jones RG, Boyd E, Young HR, Otto FEL, Huggel C, 
Fuglestvedt JS (2018) Attribution: how is it relevant for loss and 
damage policy and practice? In: Mechler R, Bouwer L, Schinko 
T, Surminski S, Linnerooth-Bayer J (eds) Loss and damage from 
climate change. Concepts, methods and policy options. Springer, 
Cham, pp 113–154
Klein RJT et al (2014) Adaptation opportunities, constraints, and lim-
its. In: Fishe CB, Barros VR, Dokken DJ, Mach KJ, Mastrandrea 
MD, Bilir TE, Chatterjee M, Ebi KL, Estrada YO, Genova RC, 
Girma B, Kissel ES, Levy AN, Mastrandrea PR (eds) Climate 
change 2014: impacts, adaptation, and vulnerability. Part A: 
global and sectoral aspects. Contribution of Working Group II to 
the Fifth Assessment Report of the intergovernmental panel on 
climate change. Cambridge University Press, Cambridge
Lees E (2017) Responsibility and liability for climate loss and 
damage after Paris. Climate Policy 17(1):59–70. https ://doi.
org/10.1080/14693 062.2016.11970 95
Linnerooth-Bayer J, Surminski S, Bouwer LM, Noy I, Mechler R 
(2019) Insurance as a response to loss and damage? In: Mechler 
R, Bouwer L, Schinko T, Surminski S, Linnerooth-Bayer J et al 
(eds) Loss and damage from climate change. Concepts, methods 
and policy options. Springer, Cham, pp 485–515
Mc Namara KE, Jackson G (2018) Loss and damage: a review of the 
literature and directions for future research. Wiley Interdiscip Rev. 
https ://doi.org/10.1002/wcc.564
Mechler R (2017) Transparency for loss and damage. Nat Clim Change 
7:687–688
Mechler R, Bouwer LM, Schinko T, Surminski S, Linnerooth-Bayer 
J (eds) (2018) Loss and Damage from climate change. Concepts, 
methods and policy options. Springer, Cham
Roberts E, Huq S (2015) Coming full circle: the history of loss and 
damage under the UNFCCC. Int J Glob Warm 8(2):141
Roberts E, Pelling M (2018) Climate change-related loss and dam-
age: translating the global policy agenda for national policy pro-
cesses. Climate Dev 10(1):4–17. https ://doi.org/10.1080/17565 
529.2016.11846 08
Roy J, Tschakert P, Waisman H, Abdul Halim S, Antwi-Agyei P, 
Dasgupta P, Hayward B, Kanninen M, Liverman D, Okereke 
C, Pinho PF, Riahi K, Suarez Rodriguez AG (2018) Sustainable 
development, poverty eradication and reducing inequalities. In: 
Masson- Delmotte V (ed) Global warming of 1.5°C. An IPCC 
Special Report on the impacts of global warming of 1.5°C above 
pre-industrial levels and related global greenhouse gas emission 
pathways, in the context of strengthening the global response to 
the threat of climate change, sustainable development, and efforts 
to eradicate poverty. IPCC, Geneva
Smith JB, Schellnhuber H-J, Mirza MMQ, Fankhauser S, Leemans R, 
Erda L, Ogallo L, Pittock B, Richels R, Rosenzweig C, Safriel 
U, Tol RSJ, Weyant J, Yohe GW (2001) Vulnerability to climate 
change and reasons for concern: a synthesis. In: McCarthy JJ, 
Canziani OF, Leary NA, Dokken DJ, White JS (eds) Climate 
change 2001: impacts, adaptation, and vulnerability. Contribu-
tion of Working Group II to the Third Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge Univer-
sity Press, Cambridge, pp 913–967
Smith JB, Schneider SH, Oppenheimer M, Yohe GW, Hare W, 
Mastrandrea MD, Patwardhan A, Burton I, Corfee-Morlot J, 
Magadza CHD, Füssel H-M, Pittock AB, Rahman A, Suarez A, 
van Ypersele J-P (2009) Assessing dangerous climate change 
through an update of the Intergovernmental Panel on Climate 
Change (IPCC) Breasons for concern^. Proc Natl Acad Sci USA 
106(11):4133–4137
Tschakert P, Ellis NR, Anderson C, Kelly A, Obeng J (2019) One thou-
sand ways to experience loss: A systematic analysis of climate-
related intangible harm from around the world. Glob Environ 
Change 55:58–72
UN (1992) United nations framework convention on climate change. 
United Nations, New York
UNFCCC (2013) UNFCCC Decision 2/CP.19: Warsaw International 
Mechanism for Loss and damage associated with climate change 
impacts
UNFCCC (2015) UNFCCC Adoption of the Paris Agreement. FCCC/
CP/2015/10/Add.1.1_32
Verheyen R, Roderick P (2008) Beyond Adaptation—The legal duty to 
pay compensation for climate change damage. WWF-UK, Climate 
Change Programme discussion paper 2008
Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.
